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Analysis of Co-Channel Interference to Inmarsat-4 
Using Example Spot Beam Pattern Provided by Inmarsat 

In i l s  i nos l  recent filing. lninarsat continues to claim that mobile terminals operating on MSV's 
proposed ATC system will cilusc hai-niful interferencc to Inmarsat's sarellitc operations and 
prevcni co-channel sharing between (he satelliks operated by MSV and Inmarsat. Inmarsat Ex 
Parrc (Septemhcr 9, 2002). For rhe first time, Inmarsat provides significant additional 
infomiation regarding its Yystcm design and antenna patterns, sufficienl for a more detailcd 
analysis of its claims. The analy5is that follows examines the impact of MSV's ATC operations 
on Ihe casc lhat Inmarhat puts forward - lhat of an Inmarsat-4 satellite beam thal would have at 
lcast a 20 dB discrimination contour over the United States. The analysis confirms two key 
points that M S V  has been making all along: (i) MSV's ATC operations would have no 
signilicant impact on Inmarsat's co-channel operations (less than a two percent increase in ATm) 
anti (ii) co-channel sharing may be problematic not due to any effect related to the ATC but due 
to sarellite-only opcrations (there would he almost a thir ty percent increase in Inmarsat's CO- 

chuiinel AT/T duc IO MSV's satcllite-only operations), 

Fig. 1: Inmarsat's Example of an Inmarsat-4 Satellite Beam 
(Reproduced from Inmarsat's September 9, 2002 filing) 
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wIf / f  MSV oil (1 c.o-c/rurf/wl btr,vis ,  urrd rhur would he udver.vely uffecred hj, ATC deploymerit". The 
>pot beam contour of Fig. I also appeared in  In ina r sa~ '~  September 12, 2002 Ex-Parte 
prcccnlatinn. There, lnmarrat included a glohal service area map for [nmarsal-4 at 54' W.L. 
showing the cobcrage ;ireas or the Inmarsat-? spot beams. Comparing this service area map to 
Fig. I .  Inmarsat's example spot bcam above aligns most closcly to spot beam cell location "9 I " 
on Ini i iarsa~ '~  service area map. However, Inmarsat i n  its September I2 filing clearly indicates 
that spot beam 9 I ,  as well as moct of its neighbors, are "1-4 betiwi.v In cvliich MSV .strtellIre uvc 
likely precYudes co,lreyurnc:\, reffse." Needless to say that lhis contradicts the claim in 
Inmarcat's September 9, 2002 filing tha t  this beam is one "rhtrr Inmtirwr expecr.s will he uble fo  
, h i r e  .vpec.rrwn witlr MSV on (I ( ~ o - J ~ ( ~ / ~ w I  Imrir." 

Despite Inmarsat's conflicting statements and admission that its example beam shown i n  Fig. I is 
i n  lac1 ii candidate for co-channel frequency reuse duc to expected satellite user interference, 
MSV has nonetheless performed a detailed interference analysis for this beam using the side lobe 
dixriinination pattern provided by Inmarsat in  Fig. I .  The analysis and numerical results are 
dehcribcd below. 

Potential Interference from MSV's Terminals Operating in Satellite Mode: 
The example spot beam coverage pattern for MSV's ncxt-generation satellite system has been 
provided in previous MSV filings (e.g., MSV Ex Parte Presentation, "MSV's Ne.rt Gerierntion 
Surdl i re  Sj.s~eiu Coordinoriorl und ltirrrjcreric.e CofzsidertrrIon.F" (January 10, 2002)) and is 
reproduced as Fig. 2 below: 

Fig. 2: MSV's Next Generation Satellite Spot Beam Pattern 
~~~ . 

~~ , ~~~ , ~~~ ' ,  

The Inmarsat-4 spot beam in Fig. I producm concentric side lobes that overlap MSV's satellite 
coverage area shown in Fig. 2 .  To determine the precise areas of ovcrlap, the side lobe contour 
lines shown in Fig. I wcrc digiLiied and then transformed from longitude-latitude scale to a 
satellite aziniulh-elevation scale ;is viewed from MSV's orbital location o l  101" W.L. This 
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allow\ accuraie projection of [he InmaIsar-4 spot beam side lohe patiern onto MSV's satellire 
serbic'e area. 

The overl;ry of Inmarsat's spot beam d e  lobe pattern forms nine distinct regions of]-4 satellire 
anlcnna di\ctimination ovcr MSV's salellite service ai'ea, ar, shown in Fig. 3. The mean values of 
antcnna di$criniination for thc nine region>, shown i n  the legend, wcrc estimated h y  taking the 
dB-average of thcir bordering contour lines from Fig. I .  For Region 6, which i s  bordered by 20 
dB contour lines on both sidcs, :i mean discrimination value of 19 dB was assumed, because the 
pailern indicaies that a local minimum occurs in this region. 

Fig. 3: Projection of lnmarsat Spot Beam Side Lobes Onto 
MSV's Next-Generation Satellite Service Area 

7 , 

t 

Those poriionx of MSV's saiellite service area shown in Fig. 2 that have less than abour 5" 
elevation angle to Inmarsat-4 at 54"  W.L. werc excluded from regions defined in Fig. 3, because 
users of MSV's satellite service i n  these areas would be unlikely to have clear line-of-sight to 
Inniarsai-4 due to the low elevation angles. 

Thc areits ofrhe nine regions in Fig. 3 were estimated graphically by calculating the solid angle 
( in  square-degrees) wilhin ihe perimeter defining each region. These numerical values were rhen 
divided by rhc coverage area of an MSV satclliie spot beam to provide the expected number o f  
MSV baielliie spot beams contained within each of the nine regions. The values were then 
furlher divided by ;I factor of7,  which ir, the frcqucncy reuse factor for the M S V  satellite spot 
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hc;iiii\. This yields llic expecled value ofco-channel satellite carrier5 in each of the nine regions 
lor ~1 fully-loaded MSV satellite \ysteni. 

In  Tahlc I ,  (lie ciwicr loading and antenna discrimination values for each of the nine regions are 
used to produce a Iota1 estimate o l  Inmarcat-4 rcceived noise increase AT/T due to MSV's next- 
generation u w r  terminals operaling i n  satell i lc mode: 

Tahle I :  Potential Co-Channel Interference from MSV's Terminals to 
Inmarsat's Example 1-4 Satellite Spot Beam at 54" W.L. 

(From satellite operations only) 

specIra1 densily -205 8 

Total AT/? Increase at  
Maximum Reuse % 29.3% 
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Potential Interference from MSV's Terminals Operating in ATC Mode: 
In Fig. 4. the Inmarsat-4 side lohe discrimination contour lines from Fig. I are prqjected onto a 
satellitc view showing the geographic locations of the 50 largest US. cellular metropolitan 
service area,? (MSAs): 

Fig. 4: Inmarsat-4 Spot Beam Pattern Overlaying Top-50 MSAs 

Previously, MS'V' calculated the Lotal number of allowed ancillary co-channel carriers over 
CONUS to he 2,438 carriers (MSV Ex Parte Presentation, "MSV's  Next Generuiion Surellite 
Sy.\rcvn Cocwdi,rcction und Inrrrfurc,ric,r Con.siderotion.r" (January IO, 2002)). For this analysis, 
thc 2,438 carriers are assumed to be distributed proportionally among the top-50 MSA locations 
i n  Fig. 4. This should provide a fairly realistic distribution model of MSV's ATC traffic within 
the side lohc regions of Inmarsat'$ example spot bcam. 

Appendix A calculates the potential co-channel interference to Inmarsat's example spot beam 
t'roin MSV's ATC tcrnminals operating at locations corresponding to the 50 largest cellular MSAs. 
Fig. 4 was used to cstimatc the Inmarsat-4 antenna side lobe discrimination for each MSA 
location. I n  Table 2 below, ihe total received interference powcr calculated i n  Appendix A is 
converted to an equivalent A I / T  increase in Inmarsat-4 satellitc received noise: 
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Table 2: Potential Co-Channel Interference from MSV's Terminals to 
Inmarsat's Example 1-4 Satellite Spot Beam at 54" W.L. 

(From ATC operations only) 

Parameter Units 
lnm-4 Satellite Receive Noise Temp. 
lnm.-4 Sat. Rcv. Noise Spectral Density 

K 
dBWiHz 

Value 
650.0 

-200.5 

lnm.-4 Total Received Power from MSV Terminals 
Operating in ATC Mode (from Appendix A): 
MSV ATC Terminal Carrier Bandwidth 
lnm-4 Received Power Spectral Density fm. MSV 
Terminals Operating in ATC Mode: 

Total AT/T Increase Based on Maximum 
ATC Frequency Reuse Across CONUS: 

Comparison to Previous MSV Results: 
I n  previous filings MSV ha5 provided calculations of potential interference levels from MSV's 
ATC user lerminals to Inmarsat-4 as5uming average Inmarsat-4 satellite antenna discrimination 
values of 2 0  d B ,  25 dB,  and 30 dB. In Table 3, the results o f  these previous calculations are 
compared 10 the AT/T numbers calculated above for Inmarsat's example beam pattern in Fig. 1. 

dBW -1 65.1 
kHz 200.0 

dBW/Hz -218.1 

% 1.71 % 

Tahle 3: Potential Co-Channel Interference from MSV's Terminals in ATC 
Mode to Inmarsat-4 for Various Levels of Satellite Antenna Discrimination 

MSV's Satellite Service Area 
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